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Evaluation of renal Kt/V as a marker of renal function in is based on both clinical symptoms related to uremia or
predialysis patients. fluid overload and biochemical parameters. However, in
Background. The use of renal Kt/V (r-Kt/V) as an indicator patients starting dialysis treatment, there is almost nofor the need of dialysis initiation has been recommended in
association between the severity of clinical signs of ure-the NKF-DOQI guidelines. In analogy to clinical practice in
mia and classic biochemical parameters of renal function,peritoneal dialysis, a fall of r-Kt/V below a threshold of 2.0 per
week may indicate inadequate renal toxin elimination. How- such as serum creatinine (SCr) and blood urea nitrogen
ever, there are no studies linking r-Kt/V with other parameters (BUN) levels or creatinine clearance (CCr) [5]. Sinceof glomerular filtration rate (GFR) in predialysis patients, and 1963, a steady trend toward initiation of RRT at lowerthe validity of r-Kt/V as parameter for timing of dialysis initia-
levels of serum creatinine has been observed in thetion is unknown.
United States [4], and a mean serum creatinine level ofMethods. Renal function was assessed repeatedly in 125 pa-
tients (N 465 measurements). In predialysis patients (r-Kt/V 8.5 mg/dL at initiation of dialysis has been reported for
2.5 per week) r-Kt/V was compared with creatinine [CCr], patients who began dialysis between 1995 and 1997 [6].
urea [CUr], averaged creatinine/urea clearance [CCr/Ur], Cock- In view of the persisting excessively high mortality ratescroft-Gault formula [CCG], and MDRD prediction equation 6
among end-stage renal disease (ESRD) patients, timely(MDRD6-GFR). The diagnostic performance of r-Kt/V as a
parameter for timing the initiation of dialysis was evaluated. initiation of renal replacement therapy prior to the devel-
Results. Renal Kt/V 2.5 was prevalent in 24.9% of cases opment of uremic symptoms has been advocated as a
(N  116, mean 1.92  0.34). In this group mean CCr was measure to improve outcomes [4].
13.8  4.9, mean CUr 6.7  1.3, and CCr/Ur 10.2  2.9 mL/ Recently, the National Kidney Foundation-Dialysismin/1.73 m2. There was no correlation of r-Kt/V with serum
Outcomes Quality Initiative (NKF-DOQI) recommendedcreatinine and MDRD6-GFR, but a significantly positive corre-
lation with CCr/Ur (r2  0.3382, P  0.001). Sensitivity of r-Kt/V commencement of dialysis when toxin elimination by the
to detect CCr/Ur 10.5 mL/min/1.73 m2, defined as the threshold native kidney falls below the level of toxin elimination
for dialysis initiation, was 73.6% with a specificity of 91.9%. reached in adequately dialyzed ESRD patients. Accord-Conclusions. These results suggest that r-Kt/V is a parame-
ingly, a renal Kt/V (r-Kt/V)2.0 per week was proposedter of acceptable specificity but poor sensitivity for the timing
as threshold for dialysis initiation [7, 8]. However, thereof dialysis initiation. Additional measures of renal function,
such as the average of measured creatinine and urea clearance, are some conditions indicating that dialysis may not be
also should be taken into consideration when deciding on the necessary even though r-Kt/V is less than 2.0 per week:
timing of dialysis initiation prior to the development of clinical stable or edema-free body weight, no signs of protein-signs of uremia and malnutrition.
energy malnutrition and complete absence of clinical
signs or symptoms attributable to uremia [8]. This recom-
mendation has been developed in analogy to clinicalAlthough dialysis treatment is available for more than
practice in CAPD, where a target dose of delivered dial-four decades, the level of renal function at which renal
ysis has been defined as total (peritoneal plus renal) Kt/Vreplacement therapy (RRT) should be initiated is still
2.0 per week. Because there are strong indications thatdebated [1–4]. Traditionally, the decision to start dialysis
in CAPD patients a weekly Kt/V2.0 is associated with
an increased mortality risk [9], a fall of weekly Kt/V
below this threshold calls for measures to increase toxinKey words: renal replacement therapy, dialysis dose, creatinine clear-
ance, uremia, malnutrition, fluid overload, DOQI guidelines. clearance. Under the assumption that the mortality risk
of nondialysis patients with a r-Kt/V 2.0 is similar toReceived for publication February 5, 2001
inadequately treated PD patients, it is concluded that inand in revised form April 17, 2001
Accepted for publication April 23, 2001 these patents toxin elimination should be increased by
initiation of dialysis treatment. However, this guideline 2001 by the International Society of Nephrology
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is based on opinion, indirect evidence, and uncontrolled pyelonephritis (N 14), diabetic nephropathy (N 13),
polycystic kidney disease (N 12), nephrosclerosis (Nclinical data.
Prior to publication of the K/DOQI guidelines, the 15), and other diseases (N  22). Diabetes mellitus was
diagnosed in 23 patients.term “renal Kt/V” was not used in clinical practice to
express the level of renal function in nondialysis patients.
Data collectionThe r-Kt/V concept is based on urea kinetic modeling
(UKM), which was originally developed for HD and The following information was recorded: (1) for clini-
cal and demographic parameters, age, sex, weight, height,PD, where urea serves as surrogate marker for small
molecular weight uremic toxins [10]. The extension of collected urine volume, exact urine collection period; (2)
biochemical parameters included serum and urine creati-UKM to monitor nondialysis patients was first described
by Tattersall, Greenwood and Farrington in 1995 [11]. nine concentration, serum and urine urea concentration;
and (3) r-Kt/V, nPNA, creatinine-, urea-, averaged creat-Arithmetically, r-Kt/V directly derives from renal urea
clearance (K, mL/min) multiplied by the number of min- inine/urea clearance, and body mass index were calcu-
lated with the computer program EFFICACY. The fol-utes per week (t, min) and divided by urea distribution
volume (V, mL). According to the K/DOQI guidelines, lowing formulae were applied:
Renal Kt/V [per week], r-Kt/V. Urea clearance (mL/a weekly r-Kt/V of 2.0 approximates a renal urea clear-
ance of 7 mL/min and a renal creatinine clearance that min)  10,080 (min/week)/body water content (mL)
Urea clearance (mL/min/1.73 m2), CUr . Urine volumevaries between 9 to 14 mL/min/1.73 m2. The GFR, esti-
mated by the arithmetic mean of the urea and creatinine (mL)  Urine urea concentration (mg/dL)  1.73 (m2)/
[Collection period (min)  Serum urea (SUr ; mg/dL) clearances, approximates 10.5 mL/min/1.73 m2 when
r-Kt/V is approximately 2.0 per week [7, 8]. These ap- Body surface area (BSA; m2)]
Creatinine clearance (mL/min/1.73 m2), CCr . Urineproximations given by the NFK-DOQI Committee imply
that a correlation exists between r-Kt/V and GFR in volume (mL)  Urine creatinine concentration (mg/
dL) 1.73 (m2)/Collection period (min) SCr (mg/dL)advanced chronic renal failure.
In view of a timely initiation of RRT in close relation- BSA (m2)
Averaged creatinine/urea clearance (mL/min/1.73 m2),ship to the level of renal function, it is important to use
parameters for the estimation of renal toxin clearance CCr/Ur . [CCr (mL/min/1.73 m2)  CUr (mL/min/1.73 m2)]/2
Creatinine clearance estimated from the Cockcroft-that are both sensitive and specific in their ability to
detect the decline of renal function below a defined Gault formula (mL/min/1.73 m2), CCG .
Men:threshold for dialysis initiation. Thus far, the validity
of r-Kt/V as parameter for adequate timing of dialysis [140  Age (years)]  Weight (kg)/[SCr (mg/dL) 
72]/BSA (m2)  1.73 m2initiation has not been examined.
Women:
[140  Age (years)]  Weight (kg)/[SCr (mg/dL) METHODS
85]/BSA (m2)  1.73 m2
Database GFR estimated from MDRD equation 6 (mL/min/1.73
m2), MDRD6-GFR [12]. 198 [SCr (mg/dL)]0.858 [AgeData from 125 patients presenting at our university
hospital-based nephrological outpatient clinic between (years)]0.167  (0.822 if patient is female)  (1.178
if patient is black)  [SUN (mg/dL)]0.293  [UUNFebruary 1997 and October 1999 were evaluated retro-
spectively. In our outpatient clinic, patients are regularly (g/day)]0.249
Normalized protein catabolic rate, nPNA. nPNA (g/kg/asked for a complete 24-hour urine collection during the
day prior to the visit. Individual sampling periods were day) [6.49  UUN (g/day)  0.294 (g/L/day)  Vurea
(L)]/ [Vurea (L)/0.58 (L/kg)]evaluated in detail by patient interviews. Urine volume
was measured in a calibrated jar. A total of 500 visits were Urea distribution volume  volume of body water ac-
cording to Watson, Watson and Batt, Vurea [L] [13].accompanied by a complete urine collection and were in-
cluded into the study. Out of these, 28 data sets were Men: 2.447  [0.09156  age (years)]  [0.1074 
height (cm)]  [0.3362  weight (kg)]incomplete and excluded from further analysis. In an-
other seven data sets, there was strong evidence for in- Women:2.097 [0.1069 height (cm)] [0.2466
weight (kg)]correct urine collection as suspected by unexplained ex-
tremely low or high normalized protein catabolic rate Body surface area (BSA) was calculated according to
the method of DuBois and DuBois [14].(nPNA) levels (0.4 or 2.1 g/kg/day), and these also
were excluded. The final database consisted of 465 data The abbreviations in the calculations are as follows:
SCr , serum creatinine concentration; SUN, serum ureasets from 124 patients. All patients were Caucasian. Un-
derlying renal diseases were chronic glomerulonephritis nitrogen concentration; UUN, urine urea nitrogen excre-
tion; and Vurea , urea distribution volume.(N  39), tubulointerstitial disease (N  10), chronic
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Creatinine and urea concentrations were determined
by our central laboratory using automated standardized
methods.
Statistics
Data are presented as means SD, except where indi-
cated. Comparison of normally distributed data within
the study group was performed by Student’s paired t test.
Multiple comparisons within a data subset were performed
by analysis of variance (ANOVA) followed by Bonfer-
roni’s test for multiple comparison or by Dunnett’s post-
test, where applicable. Correlations were examined using
the Pearson correlation coefficient. Data evaluation and
statistical analysis was performed with GraphPad Prism.
RESULTS
Clinical characteristics and parameters of renal func-
tion of the study cohort are given in Table 1. A total of
465 measurements of various parameters of glomerular
filtration rate (GFR) were performed in 125 patients
with a mean age of 54.6 years (range of 16 to 85), and
a mean serum creatinine concentration of 3.2 mg/dL
(range of 0.6 to 9.1 mg/dL). Renal function varied widely
among patients. Renal Kt/V was recorded for each pa-
tient at each visit, and there was a reciprocal relationship
of r-Kt/V to serum creatinine concentration within the
whole data set (Fig. 1A).
Correlation of renal Kt/V with GFR in pre-end-stage
renal disease
Further analysis of r-Kt/V was performed in a subset
Fig. 1. Relationship of measured renal Kt/V to serum creatinine (SCr)of data representing the predialysis stage of renal disease. concentration. (A) Within the complete data set (N 465 measurements
Therefore, all data sets characterized by r-Kt/V 2.50 in 125 patients). (B) In predialysis patients defined by renal Kt/V (rKt/V)
2.50 per week (N  116 measurements in 42 patients).per week (N  116 or 24.9% of all measurements) were
selected. Clinical characteristics and mean values of vari-
ous parameters of renal function for this data subset are
included in Table 1. Averaged creatinine/urea clearance The results of linear regression analysis for r-Kt/V
(CCr/Ur), which has been shown to be an accurate measure- with various parameters of renal function in predialysis
ment of renal function in patients with GFR 20 mL/ patients with r-Kt/V  2.50/week are presented in Fig-
min/1.73 m2 [14], was 10.2 mL/min/1.73 m2 in this sub- ure 2. There was no correlation with GFR estimates
group. Creatinine clearance and the Cockcroft-Gault from the Cockcroft-Gault formula (P  NS; Fig. 2A),
formula significantly overestimated (P  0.01; ANOVA and only weak positive correlation with MDRD6-GFR
followed by Dunnett’s post-test), whereas urea clearance (P  0.0001; Fig. 2B) and CCr (P  0.0001; Fig. 2C). The
significantly underestimated CCr/Ur (P 0.01). Mean GFR best correlation was found with CUr (P 0.0001; Fig. 2D),
estimated from the new MDRD equation 6 was statisti- which could be explained by the fact that r-Kt/V arith-
cally not different from measured CCr/Ur . Interestingly, in metically derives directly from CUr . There was a signifi-
contrast to the complete data set, in predialysis patients cant positive correlation with CCr/Ur (P 0.0001; Fig. 2E),
there was no correlation between r-Kt/V and serum cre- which also was affected by mathematical coupling be-
atinine concentration (Fig. 1B). Serum creatinine con- tween r-Kt/V and CUr .
centrations ranged from 1.8 to 9.1 mg/dL and CCr/Ur from
Validity of renal Kt/V as parameter for the timing of5.8 to 19.4 mL/min/1.73 m2 (Table 1). This lack of correla-
dialysis initiationtion also was evident in patients with r-Kt/V 2.0 per
week (N  66), although these patients fell well below The sensitivity and specificity of r-Kt/V to predict a de-
cline of CCr/Ur below the threshold of 10.5 mL/min/1.73 m2the NFK-DOQI threshold for dialysis initiation.
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Table 1. Patient characteristics
r-Kt/V  2.50/week (pre-ESRD)
All patients
MeanSD MeanSD Range
Number of patients (female:male) 125 (49:76) 42 (20:22)
Number of measurements N 465 116
Age years 54.614.6 61.012.8 27–84
Body weight kg 78.915.2 76.214.8 37.4–103.0
Body height cm 16910 167.18.0 148–187
Body surface area m2 1.890.21 1.850.19 1.33–2.29
Urea distribution volume liters 39.77.3 37.46.2 24.3–52.6
Urine volume mL/24 h 2890920 2698906 1200–4700
Serum creatinine mg/dL 3.21.6 4.81.7 1.8–9.1
Serum urea nitrogen mg/dL 48.222.4 71.815.7 35–106
Renal Kt/V per week 4.52.7 1.920.34 1.08–2.49
nPNA g/kg/day 1.10.3 0.90.2 0.5–1.4
Clearance
Creatinine mL/min/1.73 m2 33.222.9 13.84.9 6.5–29.6
Urea mL/min/1.73 m2 16.210.3 6.71.3 3.4–9.5
Averaged creatinine/urea mL/min/1.73 m2 27.919.8 10.22.9 5.8–19.4
Cockcroft-Gault mL/min/1.73 m2 35.321.9 18.17.5 8.2–49.4
MDRD equation mL/min/1.73 m2 21.014.1 10.63.8 5.1–25.7
Abbreviations are: Cockcroft-Gault, creatinine clearance predicted from Cockcroft-Gault formula; MDRD equation glomerular filtration rate predicted from
MDRD Study equation 6 [12]; nPNA, normalized protein catabolic rate.
Fig. 2. Relationship of measured creatinine (CCr) and urea (CUr) clearances and transformations of serum creatinine (SCr) concentration to measured
renal Kt/V in predialysis patients (N  116). Predialysis stage of advanced renal disease was defined by r-Kt/V 2.5 per week. Solid lines represent
regression lines, Pearson correlation coefficients are indicated on the bottom of each graph. (A) Creatinine clearance estimated from Cockcroft-
Gault formula (CCG , P  NS). (B) GFR estimated from MDRD equation 6 (MDRD6-GFR, P  0.0026). (C ) Measured creatinine clearance (CCr ,
P  0.0001); (D) Measured urea clearance (CUr , P  0.0001); (E) Average of measured creatinine and urea clearance (CCr/Ur , P  0.0001).
were examined in the subgroup of patients with CCr/Ur whereas in 19 cases r-Kt/V was 2.0 per week. This
resembled a sensitivity of r-Kt/V of 73.6%. Among 16020 mL/min/1.73 m2 (N  232 measurements). There
were 72 cases with CCr/Ur 10.5 mL/min/1.73 m2; among cases with CCr/Ur between 10.5 and 20.0 mL/min/1.73 m2,
there were 13 cases of r-Kt/V 2.0 per week, resultingthese a weekly r-Kt/V 2.0 was found in 53 instances,
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Table 2. Diagnostic performance of r-Kt/V, MDRD6-GFR and CCG to detect patients with measured CCr/Ur 10.5 mL/min/1.73 m2
Renal Kt/V MDRD6-GFR Cockcroft-Gault
2.0 per week 10.5 mL/min/1.73 m2 10.5 mL/min/1.73 m2
Sensitivity 73.6% 80.6% 13.9%
Specificity 91.9% 76.3% 98.8%
Positive predictive value 80.3% 60.4% 83.3%
Negative predictive value 88.6% 89.7% 78,8%
Abbreviations are: CCr/Ur, average of measured creatinine and urea clearance; MDRD6-GFR, GFR predicted from MDRD Study equation 6 [12], CCG, Cockcroft-
Gault estimate of creatinine clearance.
Table 3. Comparison of two groups with CCr/Ur between 8.0 and 10.5 mL/min/1.73 m2, but differing in r-Kt/V
Renal Kt/V Renal Kt/V
2.0 per week 2.0 per week P
N, patients (measurements) 16 (26) 12 (19)
Age years 60.83.5 55.83.2 NS
Height cm 168.62.0 164.31.7 NS
Body weight kg 77.42.5 74.43.2 NS
r-Kt/V per week 1.730.05 2.240.04 0.05
Serum creatinine mg/dL 5.00.3 5.90.3 0.05
CCG mL/min/1.73 m2 17.51.3 14.40.6 NS
CCr mL/min/1.73 m2 12.20.3 11.30.2 0.05
CUr mL/min/1.73 m2 6.00.2 7.40.1 0.05
CCr/Ur mL/min/1.73 m2 9.10.1 9.40.2 NS
MDRD6-GFR mL/min/1.73 m2 9.60.5 8.40.5 NS
Urea distribution volume liters 37.91.0 34.71.0 0.05
BSA m2 1.870.03 1.800.04 NS
Abbreviations are: BSA, body surface area; CCG, creatinine clearance predicted from Cockcroft-Gault formula; CCr, measured creatinine clearance; CUr, measured
urea clearance; CCr/Ur, average of measured creatinine and urea clearance; MDRD6-GFR, GFR predicted from MDR Study equation 6 [12]. Data are presented as
means  SEM. P values were calculated by Student unpaired t test; NS, statistically not significant.
in a specificity of 91.9%. The positive predictive value failure, it has been recommended as one parameter to
of r-Kt/V was 80.3%, the negative predictive value adequately time the initiation of dialysis by the K/DOQI
88.6%. A comparison of the diagnostic performance of Committee. According to the DOQI guidelines, “a weekly
r-Kt/V 2.0 per week, MDRD6-GFR 10.5 mL/min/ r-Kt/V of 2.0 approximates a renal urea clearance of
1.73 m2 and CCG 10.5 mL/min/1.73 m2 regarding the 7 mL/min and a renal creatinine clearance that varies
detection of patients with CCr/Ur below a threshold of 10.5 between 9 to 14 mL/min/1.73 m2. The GFR, estimated
mL/min/1.73 m2 for dialysis initiation is given in Table 2. by the arithmetic mean of the urea and creatinine clear-
As mentioned previously in this article, there were 19 ances, will be approximately 10.5 mL/min/1.73 m2 when
cases with CCr/Ur 10.5 mL/min/1.73 m2 and renal Kt/V r-Kt/V is about 2.0 per week” [7, 8]. Our study examined
2.0 per week. In each of these cases, CCr/Ur was between the relationship of r-Kt/V with other estimates of renal
8.0 and 10.5 mL/min/1.73 m2. On the other hand, there function in patients with advanced chronic renal failure.
were 26 cases with similar CCr/Ur (between 8.0 and Data in Table 1 tend to support the postulated rela-
10.5 mL/min/1.73 m2) but r-Kt/V 2.0 per week. Differ- tionship between r-Kt/V and CCr/Ur, as mean averaged
ences between these two groups were examined (Ta- creatinine/urea clearance approximated 10.5 mL/min/
ble 3). While there were no statistical significant differ- 1.73 m2 when mean r-Kt/V was approximately 2.0 per
ences in CCr/Ur , CCG and MDRD6-GFR, patients with week. However, if the relationship of r-Kt/V with creati-
r-Kt/V 2.0 had higher serum creatinine levels, higher nine clearance, urea clearance and GFR holds true, then
CUr and lower CCr than those with r-Kt/V2.0 per week. it can be expected that there would be some relationship
Urea distribution volume (UDV) was significantly lower to serum creatinine concentration. In our study, a curvi-
in the group with r-Kt/V 2.0 per week. This difference linear reciprocal relationship of r-Kt/V with serum creati-
in UDV could explain at least partly the differences
nine concentration was detected within the whole databetween the two groups in r-Kt/V despite similar levels
set, but not in the subgroup of pre-ESRD patients. Inof renal function.
these patients with r-Kt/V2.50 per week, serum creati-
nine levels ranged from 1.8 to 9.1 mg/dL. A lack of
DISCUSSION correlation between r-Kt/V and serum creatinine also
was observed by Tattersall et al in 63 patients at theAlthough r-Kt/V has rarely been used clinically as pa-
rameter of kidney function in patients with chronic renal commencement of dialysis treatment [11]. However, in
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their study, weekly r-Kt/V was between 0.5 and 1.4 in
the vast majority of patients, and predialysis patients as
defined in our study (r-Kt/V 2.5 per week) were not
included. It is well recognized that serum creatinine is
a poor indicator of renal function in patients with renal
impairment. The relationship of creatinine to renal func-
tion is limited due to various factors other than glomeru-
lar creatinine filtration that affect serum creatinine con-
centration, such as nutritional status, physical exercise
and creatinine degradation in the gut [15–17]. Thus, the
lack of correlation with serum creatinine concentration
is not sufficient to put into question the usefulness and
validity of r-Kt/V.
Fig. 3. Effect of variations in urea distribution volume (UDV) on renalThe parameter r-Kt/V was evaluated further against Kt/V under the condition of stable urea clearance. Data for a hypotheti-
various other estimates of GFR. The best way to assess cal patient with a stable urea clearance of 7.0 mL/min are depicted.
The horizontal dotted line represents r-Kt/V 2.0 per week as thresholdGFR in severe renal failure is direct quantitation with
for dialysis initiation, the vertical dotted line indicates UDV of 35 L atseveral filtration markers such as [125I]iothalamate, [99mTc] which r-Kt/V equals 2.0 per week.
DTPA, or [51Cr]EDTA or the assessment of inulin clear-
ance [1]. However, these methods either are not widely
available or are not performed repeatedly in chronic
We further compared the diagnostic performance ofrenal disease. In our study, the average of measured
r-Kt/V, MDRD6-GFR, and CCG to detect patients fallingcreatinine and urea clearances (CCr/Ur) was used as gold below a given threshold for dialysis initiation, as definedstandard against which r-Kt/V was tested. It is recognized
by measured CCr/Ur10.5 mL/min/1.73 m2. The results dem-that CCr/Ur is not an ideal gold standard like inulin clear- onstrate that r-Kt/V is a parameter of good specificity butance or iothalamate clearance, but it has been docu-
insufficient sensitivity, whereas MDRD6-GFR providesmented by Lubowitz et al that CCr/Ur may serve as an better sensitivity at the expense of lower specificity. Due
accurate measure of GFR even in advanced renal failure to its extremely low sensitivity, the Cockcroft-Gault for-
[18]. These authors showed a very close correlation of mula does not appear to be suitable for timing of dialy-
CCr/Ur with inulin clearance in patients with GFR20 mL/ sis initiation, at least with a threshold of 10.5 mL/min/
min/1.73 m2, and these results have been confirmed by 1.73 m2. To our knowledge this is the first study reporting
others [16, 19]. However, most clinicians prefer to esti- data on diagnostic performance of various parameters
mate GFR from serum creatinine concentration. Several currently in use for timing of dialysis initiation.
formulae have been developed to predict endogenous A total of 26.4% of patients with measured CCr/Ur
creatinine clearance from serum creatinine concentra- 10.5 mL/min/1.73 m2 presented with r-Kt/V 2.0 and
tion and demographic variables, with the Cockcroft- thus did not fulfill the r-Kt/V criterion for dialysis initia-
Gault formula being most widely used [20, 21]. It is tion. Compared with a subgroup of patients with a similar
known that the Cockcroft-Gault formula overestimates level of renal function (no statistical significant differ-
true creatinine clearance by about 16% [12, 22]. How- ence in CCr/Ur and MDRD6-GFR; Table 3) but r-Kt/V
ever, to stay compatible with common clinical practice, 2.0, those patients with r-Kt/V 2.0 had significantly
we did not adjust for this bias. higher serum creatinine levels and slightly higher renal
Our study found no correlation of r-Kt/V with creati- urea clearance (CUr). The differences in urea clearance
nine clearance estimated from the Cockcroft-Gault for- did not fully explain the discrepancy in r-Kt/V between
mula, and there was only a weak, but statistically signifi- the subgroups. Further analysis revealed that urea distri-
cant correlation with measured creatinine clearance and bution volume (UDV) was significantly lower in those
with GFR estimated from the recently published MDRD patients with weekly r-Kt/V 2.0, while there was no
prediction equation 6 [12]. This equation was reported to difference in height, weight, age, and body surface area
provide a more accurate estimate of GFR than measured (BSA). Thus, in our patient population, discrepancies in
creatinine clearance or the Cockcroft-Gault formula, r-Kt/V despite similar GFR estimates are at least in part
even in severe renal failure (abstract; Levey et al, J Am due to differences in UDV.
Soc Nephrol 19:153, 1998). Since r-Kt/V directly derives In advanced renal failure, where a lower serum creati-
from urea clearance, the correlation with CCr/Ur is clearly nine value may reflect a loss of muscle mass far more
better than with CCr alone. Taken together, our data show than improvement of renal function [23], a stable or
a lack of correlation between r-Kt/V and classical esti- even increasing r-Kt/V may reflect a decline in UDV
mates of GFR such as creatinine clearance, the Cock- obscuring an actual fall in urea clearance. The effect of
variations in UDV on r-Kt/V is illustrated in Figure 3croft-Gault formula, and the new MDRD equation 6.
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for a theoretical patient with stable CUr of 7.0 mL/min. ciding on the timing of dialysis initiation prior to the
A decrease in UDV from 37 to 34 L results in an increase development of uremia and malnutrition.
in r-Kt/V from 1.9 to 2.1 per week. These considerations
Reprint requests to Priv. Doz. Dr. med. Martin K. Kuhlmann,indicate that predialysis patients developing malnutri- Nephrologie, Innere Medizin IV, Universita¨tskliniken des Saarlandes,
tion and progressive weight loss leading to a decrease D-66421 Homburg/Saar, Germany.
E-mail: inmkuh@uniklinik-saarland.dein UDV may paradoxically present with stable or even
increasing r-Kt/V, suggesting stable renal function, de-
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